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Silicon 

Monolithic Darlington 

Amplifiers 

PLANAR EPITAXIAL PASSIVATED 


The General Electric D16P1, D16P2, D16P3 and D16P4 are planar epitaxial 
passivated NPN silicon Darlington monolithic amplifiers. They are ideal for 
preamplifier input stages requiring high input impedances of several megohms. 


absolute maximum ratings: (25°C) (unless otherwise specified) 

D16P1 D16P3 

D16P2 D16P4 


dQizi 


D16P1 

D16P2 

D16P3 


D16P4 



Features 


Voltages 


Collector to base 

V CBO 

18 

40 

V 

Collector to emitter 

V CEO 

12 

20 

V 

Collector to emitter 

V CES 

18 

40 

V 

Emitter to base 

VeBO 

8 

12 

V 

Current 

Collector (steady state) 

Ic 

200 

200 

mA 

Base (steady state) 

In 

20 

20 

mA 

Dissipation 

Total power 

(free air @ 25°C) 

Pt 

320 

320 

mW 

Total power 

(free air @ 65°C)* 

Pt 

185 

185 

mW 

Temperature 

Storage 

T s 

-65 to+150 


°C 

Operating 

T, 

—65 to +120 


°C 

Lead VW' ± V32 " from case 

for 10 seconds maximum 

T r . 

260 

260 

°c 


^Derate 3.4 mW/°C for increase in ambient temperature between 25 and 120°C. 


• Low Cost • Very High Beta 

• High Input Impedance 


DIMENSIONS WITHIN 
JEDEC OUTLINE TO-98 


NOTE 1: Lead diameter is controlled in the 
zone between .070 and .250 from the seat¬ 
ing plane. Between .250 and end of lead a 
max. of .021 is held. 


.205 

.195 


L -190 
Ki65 


.075 

.055 



X 

.265 

.225 


ALL DIMEN. IN INCHES AND ARE 
REFERENCE UNLESS TOLERANCED 


3 LEADS 


.017 


+.002 


-.001 

(NOTE I) 



.500 SEATING 
MIN PLANE 

_ k _ 

.050 ±.005 

.I00± .005 
— .105 
.090 

-T- 

.140 

.110 

* 



electrical characteristics: (25°C) (unless otherwise specified) 


STATIC CHARACTERISTICS 




Min. Typ. Max. 


Collector cutoff current 







(Vce = 18V, Vbe 

= 0) 


D16P1, 2 

Ices 

100 

nA 

(Vee = 18V, Vre 

= 0, Tj 

= 100°C) 

D16P1, 2 

Ices 

20 

fJL A 

(Vee - 40V, Vbe 

= 0) 


D16P3, 4 

Ices 

100 

nA 

(Vce = 40V, Vbe 

= 0, Tj 

= 100°C) 

D16P3, 4 

Ices 

20 

fi A 

Emitter cutoff current 







(V eb = 8V) 



D16P1, 2 

Iebo 

100 

nA 

(V eb - 12V) 



D16P3, 4 

Iebo 

100 

nA 


GENERALS ELECTRIC 



















































electrical characteristics (25°c): (unless otherwise specified) (cont’d) 


Collector emitter breakdown voltage 


(I c = 10 mA, I B = 0) 

D16P1, 2 
D16P3, 4 

Forward current transfer ratio 

(Ic = 2 mA, V CE = 5V) 

(I c = 100 mA, V CE = 5V) 

D16P1, 3 
D16P2, 4 
D16P1, 3 
D16P2, 4 

Collector emitter saturation voltage 

(I c = 200 mA, I B = 0.2 mA) 

D16P1, 2 
D16P3, 4 

Base emitter saturation voltage 

(I c = 200 mA, I B = 0.2 mA) 


Base emitter drive voltage 

(I c = 200 mA, I B = 0.2 mA) 


DYNAMIC CHARACTERISTICS 


Forward current transfer ratio 

(I c =2 mA, V CE = 5V, f = 1 kHz) 

D16P1, 3 
D16P2, 4 

Input impedance 

(I c =2 mA, V CE = 5V, f = 1 kHz) 

D16P1, 2 
D16P3, 4 

Forward current transfer ratio 

(I c = 2 mA, V CE = 5V, f = 20 MHz) 


Output capacitance 

(V CB = 10V, f = 1 MHz) 


Input capacitance 

(V EB = 0.5V, f = 1 MHz) 




Min. 

Typ. 

Max. 


BVceO 



12 

V 

BVceo 



20 

V 

hpE 

2,000 




h FE 

7,000 


70,000 


IIfeI* 

10,000 




hpE*!* 

20,000 




VcE(sat)f 



1.4 

V 

VcE(sat)f 



1.0 

V 

V B E(sat)f 



1.5 

V 

v BE f 



1.5 

V 


hfe 

2,000 




h fe 

7,000 

15,000 



hie 



500 

kfi 

h ie 



650 

kfi 

hfe 

3 

8.4 



(-'cbo 

• 

7.6 

10 

pF 

C e bo 


10.5 


pF 



fPulsed Measurement: Pulse width 300 /x sec., Duty cycle ^2% 



0.1 0.2 0.5 1.0 2 5 10 20 50 

I c - COLLECTOR CURRENT - m A 


100 200 


500 1000 
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Semiconductor 

Application 

Information 



Supersedes 200.01 2/67 



Semiconductor product application and circuit design infor¬ 
mation is provided in these application notes and article 
reprints from professional and technical journals. Prepared 


Particular publications which interest you may be ordered from: 

Road, Schenectady, New York 12305 


and written by General Electric’s Semiconductor Application 
Engineering Center, these publications give you a valuable 
solid state reference library. 


General Electric Co., Distribution Services, Bldg. 6-208, 1 River 


PLEASE ORDER BY PUBLICATION NUMBER. 
General References: 

200.0 Abstracts of Application Notes, Articles and Manuals 
450.52 Published product Specification Sheets 
640.13 Product catalog with major specifications 


1. General Applications for Signal 
Semiconductors 


90.13 

90.15 

90.17 

90.20 

90.22 

90.23 

90.36 

90.40 

90.47 

90.50 



90.56 

90.60 

90.61 

90.62 
90.65 


Some Large Signal Properties of Planar and 

Epitaxial Transistors 

An Integrated Reference Amplifier for 

Precision Power Supplies 

Understanding Snap Diodes 

A Precision Current Supply using the 

Reference Amplifier 

The 2N3605 in RTL Application 

Economy Transistors in Linear Industrial 

Applications 

Predicting Reverse Recovery Time of High 
Speed Semiconductor Junction Diodes 
Controlled Conductance Application 
The Logarithmic and Temperature Coefficient 
Characteristics of the 1N3605—1N3606 Diodes 
An Economy Silicon Transistor with Wide Range 
Voltage & Current Capability—Characteristics 
& Applications for 2N3402-05 & 2N3414-17 
Belting Out Plastic Transistors on Mechanized 
Assembly Lines 

Application of Multi-pellet Diodes in DTL 
Circuits 

DC Coupling of Multivibrators Using 
Multi-pellet Diodes 

Y Parameters: Their Accuracy and Measurement 

Optoelectronics—A new Dimension in Circuit 
Design 


2. General Applications for Power 
Semiconductors 


90.16 

90.21 

90.57 

90.58 

200.1 

200.5 

200.8 

200.9 

200.10 
200.11 
200.15 

200.19 

200.27 

200.28 
200.30 
200.32 


200.34 

200.35 

200.36 

200.37 


200.38 

200.39 


Silicon Controlled Switches 
How to Suppress Rate Effect in PNPN Devices 
Using the Silicon Bilateral/Unilateral Switch 
Reversible Ring Counter Utilizing the Silicon 
Controlled Switch 

Characteristics of Common Rectifier Circuits 
General Electric Selenium Thyrector Diodes 
Accommodating Inrush Currents With Silicon 
Controlled Rectifiers 

Power Semiconductor Ratings Under Transient 
and Intermittent Loads 
Overcurrent Protection of Semiconductor 
Rectifiers 

Rectifier Voltage Transients: Their Generation, 

Detection and Reduction 

Turn Off Time Characterization and 

Measurement of Silicon Controlled Rectifiers 

Using Low Current SCR’s 

An Introduction to the Controlled Avalanche 

Silicon Rectifier 

The Rating of SCR’s When Switching Into High 
Currents 

Capacitor Input Filter Design With Silicon 
Rectifier Diodes 

A Variety of Mounting Techniques for Pres-Fit 

SCR’s and Rectifiers 

The Light Activated SCR 

Triac Control for AC Power 

The Solid State Thyratron 

Increasing Power and Frequency with G-E's 

New Line of High-Speed SCR’s and Power Diodes 

Application of Fast Recovery Rectifiers 

The Series Connection of Rectifier Diodes 


200.42 Commutation Behaviour of Diffused High 
Current Rectifier Diodes 

200.50 Mounting Press Pak Semiconductors 

201.19 RF Filter Considerations for Triac and SCR 
Circuits 

660.1 Silicon Controlled Rectifier—Interview With 
E. E. Von Zastrow 

660.10 SCR’s Break the Frequency Barrier 

660.12 Better Utilization of SCR Capability with A-C 
Inductive Loads 

660.13 The Rating and Application of SCR’s Designed 
for Power Switching at High Frequencies 

660.14 Basic Magnetic Functions in Converters and 
Inverters Including New Soft Commutation 

671.1 Economy Power Semiconductor Applications 

CP65-937 A Program Report on Solid State Appliance 

Controls 

ETR-3960 G-E Electronic Components Hobby 
Manual ($1.50)* 

ETR-3875A Silicon Controlled Rectifier Manual, 

4th Ed., $3.00* 

3. Transistor Circuits 

90.3 Efficient High Quality Program Amplifier 

Circuits using the Industrial Silicon Series 
2N2107, 2N2108 and 2N2196 

90.5 Silicon Transistor Chopper for High 
Impedance Sources 

90.6 Use of Complementary Transistors in 
Switching Circuits 

90.7 Silicon Transistor Chopper for Low Impedance 
Sources 

90.8 A High Performance Portable Broadcast 
Receiver using Silicon Planar Passivated 
Transistors 

90.14 Tape Erase and Bias Oscillator 

90.18 A Tuned R.F. Stage High Performance Portable 
Broadcast Receiver using Silicon Planar 
Passivated Transistors 

90.24 A Ring Counter for Driving Incandescent Bulbs 

90.25 Silicon Transistor Flashers 

90.26 A Four Transistor Line Operated Radio Receiver 

90.27 A Low Cost All Silicon F.M. Tuner 

90.28 The Use of “y” Parameters in Transistor 
Circuit Design 

90.30 Measurement of Stored Charge in High Speed 
Diodes 

90.49 A High Performance Automobile Receiver with 
Economy Silicon Planar Epitaxial Transistors 

90.51 Transistor Cascode in F.M. Tuner 

90.52 An Economical Three-Stage Four-Transistor 
10.7 MHz I.F. Strip 

90.53 Practical Circuit Applications for the New 
D16U Dual Diode 

90.54 Application of the D16U Dual Diode in a 
High Speed Bistable Multivibrator 

90.59 Low Cost Audio for Line-Operated Radio, TV, 
Phonographs, Etc. 

90.63 Simplified Transistor Color TV Processing 
Circuitry 

450.37 Transistor Manual—7th Edition (Order by 
ETR 3296, $2.00)* 

4. Silicon Controlled Rectifier Circuits 

200.14 The Silicon Controlled Rectifier in Lamp 
Dimming and Heating Control Service 


♦Order these Manuals from: General Electric Co., Dept. B, 3800 N. Milwaukee Ave., Chicago, III. 60641 
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200.18 Fluorescent Lamp Dimming With SCR’s and 
Associated Semiconductors 

200.21 Three Phase SCR Firing Circuits for DC Power 
Supplies 

200.31 Phase Control of SCR’s With Transformer and 
Other Inductive AC Loads 

200.33 Regulated Battery Chargers Using the Silicon 
Controlled Rectifier 

200.40 Series Operation of SCR’s 

200.41 Simple Circuits for Triggering SCR’s Into Fast- 
Rising Load Currents 

200.43 Solid State Control for DC Motors Provides 
Variable Speed With Synchronous—Motor 
Performance 

200.44 Speed Control for Shunt-Wound Motors 

200.45 Temperature Controls Incorporating Zero 
Voltage Switching 

200.46 AC Voltage or Current Regulator Featuring 
Closed-Loop Feedback Control 

200.47 Speed Control for Universal Motors 

200.48 Flashers, Ring Counters and Chasers 

200.49 A Low-Cost, Ultrasonic-Frequency Inverter 
Using A Single SCR 

201.1 A Plug-In Speed Control For Standard Portable 
Tools and Appliances 

201.5 A High Frequency Inverter Circuit 

201.6, 7, 9-11 Applications for C106 Economy SCR 

201.12 500 Watt AC Line Voltage and Power Regulator 

201.13 Universal Motor Control With Built-In 
Self-Timer 

201.14 Automatic Liquid Level Control 

201.15 Solid-State Control for Electric Blankets 

201.16 Fan Motor Speed Control—“Hi-lntensity” 

Lamp Dimmer 

201.17 Sequential Turn Signal System for Automobiles 

201.18 High Voltage Power Supply for Low Current 
Applications 

201.20 Proportional Zero Voltage Switching 
Temperature Control 

201.21 On-Off Zero Voltage Switching Temperature 
Control 

660.7 RFI-Less Switching with SCR’s 


5. Unijunction Applications 

90.10 The Unijunction Transistor Characteristics 
and Applications 

90.12 Unijunction Temperature Compensation 
90.19 Unijunction Frequency Divider 


6. Tunnel Diode Applications 

90.32 Tunnel Diodes as Amplifiers and Switches 

90.33 Tunnel Diode Sinewave Oscillators 

90.37 Signal Considerations for Tunnel Diode use 
in Timepieces 

90.42 Tunnel Diode—UHF-TV Tuner 

90.43 A Tunnel Diode R.F. Radiation Detector 

90.44 Practical Tunnel Diode Converter Circuit 
Considerations 

90.45 Tunnel Diode Sinewave Oscillators 

90.46 Tunnel Diode Remote Control Transmitter 

90.66 Applications for the New Low Cost TD700 
Series Tunnel Diodes 

7. Test Circuits 

201.3 Portable SCR and Silicon Rectifier Tester 
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Outside the U.S.A., and Canada, by: Electronic Component Sales, 
I.G.E. Export Division, 159 Madison Avenue, New York, N. Y. 10016) 










ft.P* ■ 
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A supplement to Semiconductor Applications, publication number 200.0 
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Optoelectronics - A New Dimension in 
Circuit Design 


Regulated Battery Chargers Using the 
Silicon Controlled Rectifier (Revision) 


ByO.A. Kolody 


32 Pages 


ByD.R. Grafham 


24 Pages 


Theory of operation and the physics of light 
emitting devices and detectors is discussed. 
Device characteristics and circuit applica¬ 
tions of optoelectronic devices such as 
injection lasers, visible and infrared light 
emitting diodes, photo diodes, phototransis¬ 
tors, light activated SCR's and SCS's are 
considered. Pertinent terminologies, design 
equations and procedures are included. 


Chargers for lead-acid and vented nickel- 
cadmium batteries from 6 to 400 volts. 
Half-wave and full-wave fast-charging (high 
current) charger circuits use SCR's to auto¬ 
matically switch over to trickle charge when 
battery voltage reaches the fully-charged 
level. Appendix discusses transformer 
design. 


90.66 3/67 

Application for the New Low Cost TD700 
Series Tunnel Diodes 

By W. R. Spofford 12 Pages 

The introduction of the truly low cost planar 
tunnel diode (TD700 series) now makes this 
remarkable device available for general 
purpose applications. Device construction, 
theory and practical applications are 
presented. 


200.19 1/67 

Using Low-Current SCR's (Revision) 

ByD.R. Grafham 40 Pages 

Theory and Application of General Electric 
Low Current SCR's - including the new 
plastic-encapsulated C106 types. Applica¬ 
tions discussed include: flip-flops, tem¬ 
perature controls, time-delay circuits, 
motor-speed controls, power supplies, 
low-speed logic circuits, automotive igni¬ 
tion, proximity switches and many more. 


200.49 2/67 

A Low-Cost, Ultrasonic-Frequency Inverter 
Using a Single SCR 

By N. Mapham 20 Pages 


A single SCR inverter circuit is described 
which minimizes the cost of semiconductors 
and associated trigger circuitry. It is most 
useful in the power range of 250 watts to 
several kilowatts, and over the frequency 
range of 400 to 30, 000 Hertz . This applica¬ 
tion note is directed to the power supply 
designer and uses BASIC computer language 
to prepare exact solutions to the circuit 
analysis leading to simple tabular design 
procedure. 



200.50 3/67 

Mounting Press Pak Semiconductors 

By B.W. Jalbert 16 Pages 

Novel construction of Press Pak permits 
new mounting techniques to be employed. 
Mounting considerations and device test¬ 
ing are discussed. Air-cooled and water- 
cooled applications are illustrated. 



Particular publications which interest you may be ordered from: General Electric Co., Distribution Services, Bldg. 
6-208, 1 River Road, Schenectady, New York 12305 
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